Abstract: Urban green spaces provide ecosystem services that can be used by the local population. The valuation of these ecosystem services in urban areas gives information for stakeholders and decision-makers to improve urban planning processes. In addition, this information can be used to provide a better understanding of how urban green spaces should be managed. In this study, we quantify and monetize four ecosystem services (carbon sequestration and storage, air pollution removal, runoff reduction, groundwater recharge) provided by the urban green space of Schlosspark Nymphenburg in Munich, Germany. We classify four different land cover types (tree, grass/herbaceous, water, impervious) to calculate different amounts of ecosystem services according to the land cover type. In addition, we quantify the maintenance costs which this urban green space causes to the city of Munich. The interpretation, communication and risks of valuations studies are discussed.
Introduction
Discussion and research about the concept of ecosystem services intensified during the 1990s. Important publications during this time started a broad discussion in many scientific disciplines (e. g. coStaNza et al. 1997; daily 1997) . Bo luNd/huNhaMMar (1999) transferred this concept to urban areas. The Millennium Ecosystem Assessment (MA) defines ecosystem services as the benefits people obtain from ecosystems. "These include provisioning, regulating, and cultural services that directly affect people and the supporting services needed to maintain other services" (Millenium Ecosystem Assessment 2005, 40) . In recent years there has been an extensive discussion about classification systems (de groot et al. 2002; TEEB 2010) and the definition of the term service (Boyd/BaNzhaf 2007; fiSher et al. 2009 ). The ongoing debate tries to differentiate between ecological terms like process and function and more economical/sociocultural terms like service, benefit and (economic) value. Ecosystem service research is about frameworks for valuation (WaiNger/ Mazotta 2011; MuradiaN 2013), perceptions by local population (JiM/cheN 2006) , application of indicators (doBBS et al. 2011 ) and benefits and limitations of the concept in policy and decision making (BoiSvert et al. 2013; góMezBag gethuN et al. 2013; hauck et al. 2013) .
Besides a qualitative assessment some services can be quantified in physical measurement units. In addition, valuing can lead to a monetization of specific ecosystem services (monetary measurement units). An important issue when choosing a valuation technique is the moral and ethical aspects of the concept. luck et al. (2012) develop several categories of ethical problems that have to be considered when using the ecosystem service concept, such as anthropocentric framing, economic metaphor, commodification and changes in motivations.
Traditionally, the economic valuation of environmental goods is done by environmental economists who try to internalize externalities (perMaN 2003; SieBert 2008) . farley (2012) demonstrates recent influences to environmental economics caused by the concept of ecosystem services. Within the interdisciplinary theoretical framework of ecological economics (coStaNza et al. 2001; rogall 2008 ) the term green accounting summarizes different approaches from different disciplines of measuring, valuing and monetizing environmental resources. One of the important steps in the evolution of valuing ecosystem services is the international initiative The Economics of Ecosystems and Biodiversity (TEEB) . This initative gives an overview about theories and definitions and categorizes methods for monetizing ecosystem services (TEEB 2010) . TEEB lists as the main methods for valuing ecosystem services the direct market valuation methods (market price-based, cost-based, production function-based), the revealed preference methods (travel cost method, hedonic pricing), the stated preference methods (contingent valuation, choice modeling, group valuation) and benefit transfer methods (transferring an existing valuation estimate from a similar ecosystem).
This paper analyzes and monetizes the annual flow of specified ecosystem services of an urban green space in Munich, compared to a situation where the green space does not exist. The estimated values are compared to the maintenance costs which this urban green space causes to the city of Munich, and opportunity costs will be discussed. In addition, study results provide information about the potentials of different urban land cover types to create ecosystem services.
Methods

Study Area
The urban green space surveyed in this study is the Schlosspark Nymphenburg. The location of Schlosspark Nymphenburg is in the central urban area of Munich, Germany's 3rd largest city (Bayerische Vermessungsverwaltung 2013). Schlosspark Nymphenburg was established in the 17th century when aristocracy used the park for their amusement. The park was transformed several times, from a hunting area to a French formal garden, then to an English landscape garden. Today it is a protected historical monument. Visitors can only enter the park during daytime (the park is surrounded by a wall) and have to follow several rules (no bicycling, no dogs, stay on the park ways). Because of this long history as a protected space, it is an important and unusual ecological resource in an urban area. Therefore it is part of a European network of protected areas (Natura 2000) and serves as a habitat for several endangered species (Bayerische Forstverwaltung 2012). Fig. 1 shows the Schlosspark Nymphenburg with its surrounding area. We classify four different land cover types (tree, grass/herbaceous, water, impervious) to calculate different amounts of ecosystem services according to the land cover type. This general classification system is commonly used in urban areas (e. g. NoWak/ greeNfield 2012), and a more detailed classification would be very difficult for an economic valuation. To classify the area, we use digital orthophotos (20 cm resolution) (Bayerische Vermessungsverwaltung 2012), local expert knowledge and site inspections. The area size of different land cover types in Schlosspark Nymphenburg is shown in Tab 
(1)
Amount multiplied by value equals the monetized ecosystem service (ES). According to this, the valuation model for carbon storage is:
where CSto i is the amount of stored carbon per square meter (kg C / m 2 ) and land cover type i; S i is the area (m 2 ) of land cover type i; k P is constant for the conversion from the amount of CO 2 in the atmosphere to the amount of carbon stored in the biomass during photosynthesis; and V CO2 is the value of one ton of CO 2 (€ / t CO 2 ).
A similar valuation model is used for carbon sequestration per year (CSeq) (kg C / m 2 / yr) and land cover type tree (T):
Air pollution removal. Air pollution removal describes the ability of ecosystems to improve air quality. Air pollutants affect human health and 
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cause diseases such as respiratory diseases and lung cancer which decrease quality of life (pope et al. 2004 ). These health effects create economic costs like medical treatment and lost productivity. In German urban areas air pollution is still an important issue because pollution levels remain high due to emissions by traffic, industry and households (Umweltbundesamt 2013).
Trees remove gaseous pollutants (e. g. sulfur dioxide, ozone) by uptake via leaf stomata (SMith 1990) , and particulate matter (e. g. PM 2.5 , PM 10 ) can be captured upon plant surfaces by dry deposition (NoWak et al. 2013 ). Tab. 4 shows case studies which calculate amounts (g /m 2 / yr) for air pollution removal in a specific study area. Different methods of calculation, local climate (e. g. length of growing season) and local pollution concentrations lead to differences in estimated results. Analog to this, Tab. 5 gives an overview about monetary values (€ t) for six major air pollutants (CO, NO 2 , O 3 , SO 2 , PM 10 , PM 2.5 ) used in various case studies. These are estimates of the social costs that one ton of the pollutant causes. Conversions from US and Chinese currencies are done by using purchasing power parity rates from World Bank (2014) (0.79 units for Germany; 3.51 units for China). Purchasing power parity rates for currency conversions are used throughout this study.
To calculate air pollution removal for Schlosspark Nymphenburg, the i-Tree Eco model is used (NoWak et al. 2006 . BenMAP investigates what kind of health impacts occur due to specific pollution concentrations. Moreover it accounts the generated costs to the health system in relation to local population density (BENMAP 2014) . This transfer from the US health system will be explained below, and detailed information about algorithms used in i-Tree can be found in NoWak et al. (2008) Runoff reduction. Different land cover types influence surface runoff. In urban areas land cover type Impervious is one of the most common (e. g. buildings, streets, squares). Precipitation on impervious surfaces is not able to infiltrate into the soil. This water will be collected and transported by a sewage system. To maintain this system, costs may arise. Depending on the specific communal sewage system different kinds of costs occur. In combined systems rainwater and sanitary sewage are transported in the same pipes and treated in a wastewater treatment plant. Urban green spaces enable rainwater to infiltrate into the soil and thereby reduce the amount of surface runoff. Tab. 6 shows case studies which calculate values (€ / m 3 ) for runoff reduction in a specific study area. Determining factor for calculated values is the specific situation of the case study and therefore which types of costs exist.
In Munich the sewage system works along the runoff gradient from south to north. This is a beneficial situation because there is no electricity needed to pump the water. In downtown Munich, a combined system for rainwater and sanitary sewage is used, while in peripheral zones, rainwater is locally forced to infiltrate into the soil by a technical drainage system (infiltration trench). This difference is important because in combined systems pipe diameter is based on rainwater during heavy rain events instead of wastewater from households which does not have such high peaks. Munich has 2 400 km of pipes and several underground rainwater storage basins with a volume of 706 000 m 3 (Münchner Stadtentwässerung 2012).
Only a fraction of precipitation on impervious surfaces runs into the sewage system depending on surface characteristics and climate factors (e. g. temperature, wind) which lead to evaporation. The City of Munich estimates that 70 % of annual precipitation on impervious surfaces runs into the pipes of the sewage system (30 % evaporation) (Münchner Stadtentwässerung 2012 München 2005) . This annual fee is based on property size and is paid by the owner. The specific amount of fees results from the costs of the sewage system to the City of Munich. In addition, the city government uses a reference value (GAB) to estimate the proportion of impervious surface on each property. The GAB is an average value which is calculated for each municipal district.
This municipal accounting scheme can be used to monetize the ecosystem service. In Schlosspark Nymphenburg the area size of non-impervious land cover types tree, grass/herbaceous and water is 1 565 501 m 2 (Tab. 1). Together with local experts from city government we developed a scenario to estimate what costs would occur if the Schlosspark Nymphenburg does not exist and could not provide this ecosystem service. In this case, instead of a large urban green space, this area would be characterized by a mixture of residential, commercial/industrial and traffic zones. The GAB of surrounding areas is 0.5 (50 % of surface is impervious), which can be used as an approximation for the scenario. In this part of the city a combination of the combined rainwater and sanitary sewage system and the use of infiltration trenches exists. City government tries to increase the percentage of properties which use infiltration trenches. Following advice from local experts we assume that in the area of a developed Schlosspark Nymphenburg 80 % of impervious surfaces would have infiltration trenches and about 20 % would be connected to the sewage system. These assumptions lead to the following valuation model for the ecosystem service runoff reduction:
where S i is the area (m 2 ) of non-impervious land cover types tree (S T ), grass/herbaceous (S G ) and water (S W ); V FRR is the value of the fee for rainwater runoff (€ /m 2 / yr); GAB is the reference value used by local authorities for average proportion of impervious surface in this municipal district; and IC is the infiltration coefficient which describes the percentage of impervious surfaces which have infiltration trenches.
Groundwater recharge. The ecosystem service groundwater recharge describes the ability of ecosystems to increase the quantity of groundwater. This service does not cover aspects about the quality of groundwater. Urban growth and the increase of impervious surfaces can lower the amounts of groundwater recharge. This change heavily influences the water balance and cycle of urban areas (göBel et al. 2007 To calculate the amount of groundwater recharge by the Schlosspark Nymphenburg, we use annual precipitation and relevant land cover types. The long-term average annual precipitation in Munich is 0.959 m / yr (Landeshauptstadt München 2010). Relevant land cover types are tree and grass/herbaceous since rainwater can infiltrate into the soil from these surfaces (1 432 982 m 2 ). The precipitation on artificial lakes and streams in the Schlosspark Nymphenburg is directly transported to a connected river and therefore not relevant for groundwater recharge. Only a portion of total precipitation leads to groundwater recharge depending on surface runoff and evapotranspiration. göBel et al. (2007) Because of the importance of groundwater for human settlements, some federal states of Germany charge a fee for the extraction of groundwater. Tab. 7 shows selected federal states and their fees (€ / m 3 ) depending on the intended purpose of the extraction. Since Munich does not have fees for groundwater extraction we use values from federal state Baden-Württemberg. This value (0.051 € / m 3 ) nearly averages existing fees in Germany, and Baden-Württemberg has comparable groundwater conditions to the region around Munich (Bavaria). The following valuation model is used for ecosystem service groundwater recharge:
where S i is the area (m 2 ) of land cover type i; P M is the long-term average annual precipitation in Munich (m / yr); GR M is the rate of groundwater recharge in relation to precipitation in the area of Munich; and V FGE is the value of the fee for groundwater extraction (€ / m 3 ).
Results
The output of i-Tree Eco for air pollution removal by Schlosspark Nymphenburg in 2011 is shown in Tab Regarding air pollution removal, the use of BenMAP (within i-Tree) implies that we calculate costs based on the US health system. The transfer to the German health system can only be seen as an approximation since many differences exist between these two national health systems. Nevertheless, there are also many similarities concerning the costs of medical treatment created by diseases. Regarding the total of all ecosystem services (Tab. 9), the spread between total value of ecosystem services and maintenance costs (Tab. 10) does not mean that Schlosspark Nymphenburg has a negative balance. Services are not the same as revenues and are difficult to compare to costs. Even if services are perceived as revenues, one could argue that the maintenance of this urban green space is not very expensive because calculated services reduce costs by more than 50 %. Annual ecosystem services could also be compared to opportunity costs (value of an alternative use of the park area). However, it is obvious that revenues from residential buildings and commercial property (e. g. shopping center) are much higher than ecosystem services calculated in this study. In addition, numerous ecosystem services are not calculated in this analysis.
For the interpretation of monetized ecosystem services in this study, several aspects have to be considered. First of all, our global market-based system asks for quantified and monetized numbers and parameters. Calculated values for ecosystem services are only approximations. The aim of these calculations has to be to improve methods and values and to limit uncertainty. By calculating such values, several ethical and moral questions arise. For example, the term 'commodification' describes the transformation of parts of nature to market goods. This transformation implies the application of market principles and that environmental goods can be traded and substituted. Establishment of economic incentives and utilitarian logic may lead to changes in motivations for protecting the environment. This change could prevent non-economic motivations and increase competition between different conservation projects.
In addition, several technical issues arise while quantifying ecosystem services. Ecosystems do not follow national borders. For this reason, it might be necessary to use different currencies to assess ecosystem services. The concept of purchasing power parity explains the phenomenon that using a given currency exchange rate, the same amount of money can buy different amounts of goods in different countries or regions. Therefore methods like benefit transfer produce only approximations of 'real' values, and the comparison of ecosystem service values between countries with different currencies is limited. Furthermore, exchange rates change over time. This means that calculations need to be adjusted regularly. Even if calculations are done exclusively within the borders of one country, inflation leads to the necessity of regular adjustments. In this study, we used inflationadjusted data whenever possible. The economic concept of time preference and time discounting might play a role for some services (e. g. carbon storage) when people discount future benefits.
A fundamental aspect of this kind of valuation study is that it is not possible to calculate a real total value of an ecosystem. In this study, we selected 4 ecosystem services (we calculated additional services like water purification and flood protection but could not evaluate positive values). Many more ecosystem services do exist, some were quantified in previous studies (see TEEB 2010) and some of them are provided by the Schlosspark Nymphenburg (especially cultural services). We decided to analyze as many services as possible, instead of a very detailed analysis of only one service. Still, total value of all services would be much higher than the value we calculated (627 586 € / yr). In our opinion, this kind of valuation study should not even try to quantify an entire ecosystem. It is about valuing specific, previously defined services from the perspective of a user of this service. It is not possible to monetize one tree but it is possible to monetize some specific services of this tree from a defined perspective.
Accounting of environmental assets and calculation of ecosystem services creates possibilities for the misuse of these numbers. It could be argued that environmental goods can be substituted by economic goods of the same value. If calculated values are perceived and interpreted as total values, this would lead to wrong assumptions about substitution of the environment. Therefore it is very important to clearly explain which information these numbers contain, to be transparent about the methods and to communicate this information to the audience.
Conclusion
Valuation of ecosystem services involves application-oriented research with the aim of solving problems. Disadvantages of the valuation can be tolerated as long as advantages are predominant. The balance of advantages and disadvantages depends upon the quality of the calculated values and the way of using these values. For this reason, it is very important to communicate what kind of information these values contain.
Results can support local stakeholders (e. g. city government) with more information regarding future implications of land use changes. During the decision process it is important to have as much information as possible about the consequences of land cover changes. In addition, findings give information that can be used by local decision makers to increase ecosystem services provided by urban green spaces (different values of different land cover types). -This case study demonstrates that even conservative calculations about the ecosystem service values lead to substantial monetary values. The Schlosspark Nymphenburg has a significant positive influence to the local population of Munich.
